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(57) ABSTRACT 

A photochromic compound for incorporation into plastic 
articles, particularly into a plastic lens, is selected from a 
spiro(indoline)naphtho(2,1-b)(1,4)oxaZine and a spiro 
(indoline)naphtho(1,2-b)(1,4)oxaZine containing a group 
selected from: (a) —CH2—CnF2n+1 at the nitrogen atom in 
the 1-position on the indoline part of the molecule, Wherein 
n is an integer of 1 to 6; (b) —COOR at the 3-position on 
the indoline part of the molecule, Wherein R is C1—C6 
alkyl optionally substituted by ?uoro, C1—C4 alkoxy or 
?uoroalkoxy, C1—C4 alkylcarbonyloxy, C2—C4 
alkenylcarbonyloxy, C3—C6 cycloalkyl or aryl; (ii) C2—C6 
alkenyl With a terminal double bond; (iii) C3—C6 cycloalkyl 
optionally substituted by ?uoro; or (iv) aryl; (c) an —OCF3 
group on the benZene ring of the indoline part of the 
molecule; (d) an aryl(dialkyl)methyl group of the formula 
—C(aryl)(CnH2n+1)(CmH2m+1), Wherein n and m are 
integers from 1 to 5, linked to one of the benZene rings of 
the naphthoxaZine part of the molecule; and (e) any com 
bination of (a), (b), (c) and/or 

7 Claims, No Drawings 
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PHOTOCHROMIC SPIRO(INDOLINE) 
NAPHTHOXAZINES 

FIELD OF THE INVENTION 

The present invention relates to certain novel photochro 
mic spiro(indolino)naphthoXaZine compounds and to 
articles comprising them. 

BACKGROUND OF THE INVENTION 

Spiro(indolino)oXaZine compounds have been found to be 
useful for imparting photochromic properties to a polymeric 
host material. Examples of spirooXaZine and their use in 
photochromic lenses have been revieWed by Crano et al. in 
Applied Photochromic Polymer Systems (C. B. McArdle, 
Ed.) Blackie & Sons, Glasgow, London, 1992, pp. 31—76. As 
a rule, the unsubstituted spiroindolinonaphthoXaZines give a 
rather loW optical density of the blue color on eXposure to 
light. 

Several US. patents describe spiro(indoline)naphtho(2,1 
b)(1,4)oXaZine compounds (see for example US. Pat. Nos. 
4,959,471 (MelZig), 4,913,544, 5,446,149, 5,446,150, 5,446, 
151 (RickWood et al.), 5,186,867 (Castaldi et al.), 5,405,958 
(Van Gemert), 5,936,016 (Lareginie et al.), 6,004,486 and 
6,030,555 (You-Ping Chan)) that are said to give enhanced 
optical density on eXposure to sunlight. The enhancement of 
the photoinduced optical density Was achieved mainly by 
introducing electron-donor or -acceptor substituents in the 
naphthalene moiety of the molecule, While the absorption 
maXimum of the colored form remains in the region of 
570—630 nm. 

US. Pat. Nos. 4,851,530 and 5,833,885 (RickWood et al) 
describe spirooXaZines shoWing substantial change in the 
kinetic and spectral properties of spirooXaZines by modi? 
cation of the 1-position in the indoline ring With the absorp 
tion maXima of the photoactivated form shorter than 570 nm 
(mainly red). PCT Publication No. WO 99/20630 describe 
photochromic spiro (indoline)naphtho( 1,2-b)(1,4)oXaZine 
compounds. 

The present invention relates to novel spiro(indoline) 
naphtho(2,1-b) (1,4)oXaZine and spiro(indoline)naphtho(1, 
2-b)(1,4)oXaZine compounds that have particular substitu 
ents on the indoline and/or on the naphthalene part of the 
molecule. None of the publications mentioned above 
describe the compounds of the present invention. 

SUMMARY OF THE INVENTION 

The present invention relates to novel photochromic spiro 
(indoline)naphtho(2,1-b) (1,4)oXaZine and spiro(indoline) 
naphtho(1,2-b) (1,4)oXaZine compounds containing certain 
particular groups as folloWs: 

(a) —CH2—CnF2n+1 at the nitrogen atom in the 
1-position on the indoline part of the molecule, Wherein n is 
an integer of 1 to 6; 

(b) —COOR at the 3-position on the indoline part of the 
molecule, Wherein R is C1—C6 alkyl optionally substi 
tuted by ?uoro, C1—C4 alkoXy or ?uoroalkoXy, C1—C4 
alkylcarbonyloXy, C2—C4 alkenylcarbonyloXy, C3—C6 
cycloalkyl or aryl; (ii) C2—C6 alkenyl With a terminal double 
bond; (iii) C3—C6 cycloalkyl optionally substituted by 
?uoro; or (iv) aryl; 

(c) an —OCF3 group on the benZene ring of the indoline 
part of the molecule; 

(d) an aryl(dialkyl)methyl group of the formula —C(aryl) 
(CnH2n+1)(CmH2m+1), Wherein n and m are integers from 1 
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2 
to 5, linked to one of the benZene rings of the naphthoXaZine 
part of the molecule; and 

(e) any combination of (a), (b), (c) and/or 
The photochromic compounds of the present invention 
provide a substantial increase of the photoactivation and 
decoloration rates While retaining a high optical density in 
the photoactivated state. Incorporation of these compounds 
into a plastic lens or another plastic article provides the 
articles With desirable photochromic properties. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In one preferred embodiment of the present invention, the 
spiro(indoline)naphtho(2,1-b)(1,4)oXaZine and spiro 
(indoline)naphtho(1,2-b)(1,4) oXaZine compounds have at 
the nitrogen atom in the 1-position on the indoline part of the 
molecule a radical —CH2—CnF2n+1, and have the formulas 
Ia and lb, respectively: 

(a) n is an integer from 1 to 6; p is 1 or 2; and q is an 
integer from 1 to 6; 

(b) R2 and R3 represent independently a radical selected 
from: C1—C6 alkyl optionally substituted by ?uoro, 
C1—C4 alkoXy or ?uoroalkoXy, C1—C4 alkylcarbonyloXy, 
C2—C4 alkenylcarbonyloXy, C3—C6 cycloalkyl or aryl-; (ii) 
C2—C6 alkenyl With a terminal double bond; (iii) C3—C6 
cycloalkyl optionally substituted by ?uoro; (iv) aryl; (v) 
alkylcarbonyl; or (vi) one of R2 and R3 is a group —COOR 
Wherein R is a radical to (iv) as de?ned hereinbefore and 
the other of R2 and R3 is a radical to (iv) as de?ned 
hereinbefore; or (vii) R2 and R3 together With the carbon 
atom at position 3 of the indoline ring form a 3—7 membered 
saturated ring optionally containing a heteroatom selected 
from nitrogen, oXygen or sulfur, and 

(c) R4 and R5 represent independently hydrogen; (ii) 
halogen, preferably ?uoro; or a radical selected from: (iii) 
cyano; (iv) aryloXy optionally substituted by C1—C6 alkyl, 
C1—C4 alkoXy or amino; (v) C1—C4 alkoXy optionally sub 
stituted by halogen, preferably di- and tri?uoromethoXy; 
(vii) C1—C6 alkyl optionally substituted by C1—C4 alkoXy, 
halogen, preferably tri?uoromethyl, C3—C6 cycloalkyl, poly 
cycloalkyl (such as norbomane or adamantane), aryl or 
heterocyclyl; (viii) aryl optionally substituted With amino or 
alkoXy group, preferably dialkylaminophenyl or methoX 
yphenyl; amide (—CONHZ); sulfonamide 
(—SO2NH2); —NR6R7, Wherein R6 and R7 are inde 
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pendently selected from alkyl, alkenyl, cycloalkyl, aryl, 
alkylaryl, ?uoroalkyl (preferably tri?uoromethyl) or R6 and 
R7 together With the nitrogen atom form a 3—7 membered 
saturated ring optionally containing a further heteroatom 
selected from nitrogen, oxygen or sulfur atom, preferably 
piperidino, piperaZino or morpholino; (xii) R4 may further 
be —OCF3, in Which case p is 1; and (xiii) R5 may further 
be an aryl(dialkyl)methyl group of the formula —C(aryl) 
(CnH2n+1)(CmH2m+1), Wherein n and m are integers from 1 
to 5, linked to one of the benZene rings of the naphthoxaZine 
part of the molecule, in Which case q is an integer from 1 to 
5. 

In another preferred embodiment of the present invention, 
the spiro(indoline)naphtho(2,1-b)(1,4)oxaZine and spiro 
(indoline)naphtho(1,2-b)(1,4) oxaZine compounds have at 
the 3-position on the indoline part of the molecule a group 
—COOR, Wherein R is selected from: C1—C6 alkyl 
optionally substituted by ?uoro, C1—C4 alkoxy or 
?uoroalkoxy, C1—C4 alkylcarbonyloxy, C2—C4 
alkenylcarbonyloxy, C3—C6 cycloalkyl or aryl; (ii) C2—C6 
alkenyl With a terminal double bond; (iii) C3—C6 cycloalkyl 
optionally substituted by ?uoro; or (iv) aryl; and have the 
formulas 11a and 11b, respectively: 

(Ila) 
R3 COOR 

I \ 
(R4)p I 

/ N 

l 1 
(IIb) 

R3 COOR 

I \ — (R5)q 

(R4)p I 
/ T O / \ 

R1 / \ 

Wherein 
(a) p is 1 or 2 and q is an integer from 1 to 6; 
(b) R1 is a radical selected from: C1—C6 alkyl option 

ally substituted by C1—C4 alkoxy, C1—C4 alkylcarbonyloxy, 
C2—C4 alkenylcarbonyloxy, C3—C6 cycloalkyl, 
polycycloalkyl, aryl or heterocyclic ring; (ii) C3—C6 
cycloalkyl; (iii) polycycloalkyl: (iv) aryl; (v) heterocyclic 
ring; (vi) —CH2—CnF2n+1 Wherein n is an integer of 1 to 6; 
or (vii) C2—C6 alkenyl With a terminal double bond; 

(c) R3 represents a radical selected from: C1—C6 alkyl 
optionally substituted by ?uoro, C1—C4 alkoxy or 
?uoroalkoxy, C1—C4 alkylcarbonyloxy, C2—C4 
alkenylcarbonyloxy, C3—C6 cycloalkyl or aryl; (ii) C2—C6 
alkenyl With a terminal double bond; (iii) C3—C6 cycloalkyl 
optionally substituted by ?uoro ; or (iv) aryl; and 

(d) R4 and R5 represent independently hydrogen; (ii) 
halogen, preferably ?uoro; or a radical selected from: (iii) 
cyano; (iv) aryloxy optionally substituted by C1—C6 alkyl, 
C1—C4 alkoxy or amino; (v) C1—C4 alkoxy optionally sub 
stituted by halogen, preferably di- and tri?uoromethoxy; 
(vii) C1—C6 alkyl optionally substituted by C1—C4 alkoxy, 
halogen, preferably tri?uoromethyl, C3—C6 cycloalkyl, poly 
cycloalkyl (such as norbomane or adamantane), aryl or 
heterocyclyl; (viii) aryl optionally substituted With amino or 
alkoxy group, preferably dialkylaminophenyl or methox 
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4 
yphenyl; amide (—CONHZ); sulfonamide 
(—SOZNHZ); —NR6R7, Wherein R6 and R7 are inde 
pendently selected from alkyl, alkenyl, cycloalkyl, aryl, 
alkylaryl, ?uoroalkyl (preferably tri?uoromethyl) or R6 and 
R7 together With the nitrogen atom form a 3—7 membered 
saturated ring optionally containing a further heteroatom 
selected from nitrogen, oxygen or sulfur atom, preferably 
piperidino, piperaZino or morpholino; (xii) R4 may further 
be —OCF3, in Which case p is 1; and (xiii) R5 may further 
be an aryl(dialkyl)methyl group of the formula —C(aryl) 
(CnH2n+1)(CmH2m+1), Wherein n and m are integers from 1 
to 5, linked to one of the benZene rings of the naphthoxaZine 
part of the molecule, in Which case q is an integer from 1 to 
5. 

In a further preferred embodiment of the present 
invention, the spiro(indoline)naphtho(2,1-b)(1,4)oxaZine 
and spiro(indoline)naphtho(1,2-b)(1,4) oxaZine compounds 
have a tri?uoromethoxy (—OCF3) group on the benZene 
ring of the indoline part of the molecule, and have the 
formulas 111a and IIIb, respectively: 

(IIIa) 
R3 R2 

F3CO 

[\ \ 
/ / N 

R4 | 
R1 

(IIIb) 
F3CO R3 R2 

[\ \ — (R5), 
/ / N O / \ 

R4 IL 
1 / \ 

Wherein 
(a) q is an integer from 1 to 6; 
(b) R1 is a radical selected from: C1—C6 alkyl option 

ally substituted by C1—C4 alkoxy, C1—C4 alkylcarbonyloxy. 
C2—C4 alkenylcarbonyloxy, C3—C6 cycloalkyl, 
polycycloalkyl, aryl or heterocyclic ring; (ii) C3—C6 
cycloalkyl; (iii) polycycloalkyl: (iv) aryl; (v) heterocyclic 
ring; (vi) —CHZ-CnFZn+1 Wherein n is an integer of 1 to 6; 
or (vii) C2—C6 alkenyl With a terminal double bond; 

(c) R2 and R3 represent independently a radical selected 
from: C1—C6 alkyl optionally substituted by ?uoro, 
C1—C4 alkoxy or ?uoroalkoxy, C1—C4 alkylcarbonyloxy, 
C2—C4 alkenylcarbonyloxy, C3—C6 cycloalkyl or aryl; (ii) 
C2—C6 alkenyl With a terminal double bond; (iii) C3—C6 
cycloalkyl optionally substituted by ?uoro; (iv) aryl; or (v) 
alkylcarbonyl; or (vi) one of R2 and R3 is a group —COOR 
Wherein R is a radical to (iv) as de?ned hereinbefore and 
the other of R2 and R3 is a radical to (iv) as de?ned 
hereinbefore; or (vii) R2 and R3 together With the carbon 
atom at position 3 of the indoline ring form a 3—7 membered 
saturated ring optionally containing a heteroatom selected 
from nitrogen, oxygen or sulfur, and 

(d) R4 and R5 represent independently hydrogen; (ii) 
halogen, preferably ?uoro; or a radical selected from: (iii) 
cyano; (iv) aryloxy optionally substituted by C1—C6 alkyl, 
C1—C4 alkoxy or amino; (v) C1—C4 alkoxy optionally sub 
stituted by halogen, preferably di- and tri?uoromethoxy; 
(vii) C1—C6 alkyl optionally substituted by C1—C4 alkoxy, 



US 6,891,038 B2 
5 

halogen, preferably tri?uoromethyl, C3—C6 cycloalkyl, poly 
cycloalkyl (such as norbornane or adamantane), aryl or 
heterocyclyl; (viii) aryl optionally substituted With amino or 
alkoxy group, preferably dialkylaminophenyl or methox 
yphenyl; amide (—CONHZ); sulfonamide 
(—SOZNHZ); —NR6R7, Wherein R6 and R7 are inde 
pendently selected from alkyl, alkenyl, cycloalkyl, aryl, 
alkylaryl, ?uoroalkyl (preferably tri?uoromethyl) or R6 and 
R7 together With the nitrogen atom form a 3—7 membered 
saturated ring optionally containing a further heteroatom 
selected from nitrogen, oxygen or sulfur atom, preferably 
piperidino, piperaZino or morpholino; and (xii) R5 may 
further be an aryl(dialkyl)methyl group of the formula 
—C(aryl)(CnH2n+1)(CmH2m+1), Wherein n and m are inte 
gers from 1 to 5, linked to one of the benZene rings of the 
naphthoxaZine part of the molecule, in Which case q is an 
integer from 1 to 5. 

In still a further preferred embodiment of the present 
invention, the spiro(indoline)naphtho(2,1-b)(1,4)oxaZine 
and spiro(indoline)naphtho(1,2-b)(1,4) oxaZine compounds 
have an aryl(dialkyl)methyl group of the formula —C(aryl) 
(CnH2n+1)(CmH2m+1), Wherein n and m are integers from 1 
to 5, linked to one of the benZene rings of the naphthoxaZine 
part of the molecule, and have the formulas IVa and IVb, 
respectively: 

(IVa) 

(IVb) 
R3 R2 

I \ _N CnH2n+1 Aryl 

(R4)p I \ C H 
m 2m+l 

/ T O / \ 

R1 / _ \ 

(R5)q 

Wherein 
(a) p is 1 or 2 and q is an integer from 1 to 5; 
(b) R1 is a radical selected from: C1—C6 alkyl option 

ally substituted by C1—C4 alkoxy, C1—C4 alkylcarbonyloxy, 
C2—C4 alkenylcarbonyloxy, C3—C6 cycloalkyl, 
polycycloalkyl, aryl or heterocyclic ring; (ii) C3—C6 
cycloalkyl; (iii) polycycloalkyl: (iv) aryl; (v) heterocyclic 
ring; (vi) —CH2—CnF2n+1 Wherein n is an integer of 1 to 6; 
or (vii) C2—C6 alkenyl With a terminal double bond; 

(c) R2 and R3 represent independently a radical selected 
from: C1—C6 alkyl optionally substituted by ?uoro, 
C1—C4 alkoxy or ?uoroalkoxy, C1—C4 alkylcarbonyloxy, 
C2—C4 alkenylcarbonyloxy, C3—C6 cycloalkyl or aryl; (ii) 
C2—C6 alkenyl With a terminal double bond; (iii) C3—C6 
cycloalkyl optionally substituted by ?uoro; (iv) aryl; or (v) 
alkylcarbonyl; or (vi) one of R2 and R3 is a group —COOR 
Wherein R is a radical to (iv) as de?ned hereinbefore and 
the other of R2 and R3 is a radical to (iv) as de?ned 
hereinbefore; or (vii) R2 and R3 together With the carbon 
atom at position 3 of the indoline ring form a 3—7 membered 
saturated ring optionally containing a heteroatom selected 
from nitrogen, oxygen or sulfur, and 
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6 
(d) R4 and R5 represent independently hydrogen; (ii) 

halogen, preferably ?uoro; or a radical selected from: (iii) 
cyano; (iv) aryloxy optionally substituted by C1—C6 alkyl, 
C1—C4 alkoxy or amino; (v) C1—C4 alkoxy optionally sub 
stituted by halogen, preferably di- and tri?uoromethoxy; 
(vii) C1—C6 alkyl optionally substituted by C1—C4 alkoxy, 
halogen, preferably tri?uoromethyl, C3—C6 cycloalkyl, poly 
cycloalkyl (such as norbomane or adamantane), aryl or 
heterocyclyl; (viii) aryl optionally substituted With amino or 
alkoxy group, preferably dialkylaminophenyl or methox 
yphenyl; amide (—CONHZ); sulfonamide 
(—SOZNHZ); —NR6R7, )Wherein R6 and R7 are inde 
pendently selected from alkyl, alkenyl, cycloalkyl, aryl, 
alkylaryl, ?uoroalkyl (preferably tri?uoromethyl) or R6 and 
R7 together With the nitrogen atom form a 3—7 membered 
saturated ring optionally containing a further heteroatom 
selected from nitrogen, oxygen or sulfur atom, preferably 
piperidino, piperaZino or morpholino; and (xii) R4 may 
further be —OCF3, in Which case p is 1. 

According to the invention, the alkyl and alkoxy radicals 
may be linear or branched. The C2—C4 alkenylcarbonyloxy 
radical is preferably the radical derived from acrylic (—O— 
CO—CH=CH2) or methacrylic (—O—CO—C(CH3) 
=CH2) acid. The C3—C6 cycloalkyl is preferably cyclopen 
tyl or cyclohexyl and the polycycloalkyl may be a C4—C2O 
bicycloalkyl such as partially or completely saturated naph 
thyl or a C6—C2O tricycloalkyl such as adamantyl and nor 
bornyl. The C2—C6 alkenyl With a terminal double bond is 
preferably —CH2—CH=CH2 or —CH2—(CH2)3— 
CH=CH2. The preferred radicals —CH2—CnF2n+1 are 
—CH2—CF3 and —CH2—CF2—CF3. ?uoroalkoxy radical 
is preferably —OCF3. When R5 is an aryl(dialkyl)methyl 
group of the formula —C(aryl)(CnH2n+1)(CmH2m+1), n and 
m are preferably 1 such that said linking group is preferably 
tert-propylene (CH3)—C—(CH3). 

Further, the present invention provides synthetic methods 
for making the photochromic spirooxaZine molecules of the 
invention. The compounds containing a COOR group on the 
3-position of the indoline ring are prepared by the reaction 
of a Fischer base containing the aforementioned carboxylic 
ester structure at 3-position With the suitable 1-nitroso-2 
naphthol non-substituted or substituted With one or more R5 
groups. The compounds containing a F3CO— group on the 
benZene ring of the indoline molecule are prepared by the 
reaction of a Fischer base containing the aforementioned 
tri?uoromethoxy group on the benZene ring With the suitable 
1-nitroso-2-naphthol non-substituted or substituted With one 
or more R5 groups. The compounds containing a —CH2— 
CnFZn+1 group at the 1-position of the indoline ring are 
prepared by the reaction of a Fischer base containing the 
aforementioned poly?uoroalkyl group at the 1-position With 
the suitable 1-nitroso-2-naphthol non-substituted or substi 
tuted With one or more R5 groups. The compounds Wherein 
R5 is an aryl(dialkyl)methyl group of the formula —C(aryl) 
(CnH2n+1)(CmH2m+1), Wherein n and m are integers from 1 
to 5, linked to one of the benZene rings of the naphthoxaZine 
part of the molecule, can be prepared by reaction betWeen 
naphthol substituted With aryl(dialkyl)methyl group and the 
suitable Fisher base. 
The photochromic compounds of the present invention 

and mixtures thereof and/or their mixtures With other pho 
tochromic compounds knoWn in the art may be incorporated 
into a plastic lens, car WindoW or other articles, giving high 
optical density of color on irradiation With sunlight. The 
aforementioned photochromic compounds or their mixtures 
can be incorporated into a plastic object, preferably a plastic 
lens, by any conventional method knoWn in the art, for 
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example, by molding techniques, e.g., injection molding, 
press-molding or by polymerization techniques, e.g., by 
thermal polymerization of a photochrome solution in a 
polymeriZable monomer containing a catalyst, for example, 
aZo-isobutyronytryl, giving free radicals on heating. Micro 
encapsulation techniques can also be employed. A photo 
chromic compound may be incorporated in a polymer host 
also by thermodiffusion through the lens surface. A mixture 
of different photochromes can be incorporated into a plastic 
object. 

The present invention, thus, further relates to a photo 
chromic article comprising a plastic object containing a 
photochromic compound of the present invention or mix 
tures thereof With a photochrome knoWn in the art such as, 
but not being limited to, spirooxaZines, naphthopyrans and 
fulgides. The article may also contain additives such as 
plasticiZers, materials for the photochrome microencapsula 
tion and light stabiliZers such as hindered amines or phenols. 
The photochromic article is preferably a plastic lens. 

The invention Will noW be illustrated by the folloWing 
examples, to Which it is not limited. 

EXAMPLES 

Example 1 

Preparation of 1,3,3-Trimethyl-5-Tri?uoromethoxy 
Spiro-(Indoline-2,3‘-(3H)-Naphtho[2,1-b]-(1,4) 

OxaZine) 

CH3 
2, 

A solution of 1-nitroso-2-naphthol (0.50 g, 2.89 mmol) 
and 1,3,3-trimethyl-5-tri?uoromethoxy-2-methylene 
indoline (0.71 g, 2.77 mmol) in ethanol (30 ml) Was heated 
under nitrogen and re?uxed for 20 hrs. The solvent Was then 
evaporated and the residue Was chromatographed over silica 
(ethyl acetate/petroleum ether 1:10). After crystalliZation in 
ethanol, the yield of the pure product (colorless crystals) Was 
0.2 g (18%). 

In the photoactivated colored form in the polystyrene 
?lm, the photochrome has a broad absorption band With 
maximum at 580 nm. 

The compounds listed beloW as Examples 2—4 Were 
prepared by a synthetic procedure analogous to that 
described in Example 1. 
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8 
Example 2 

1 -Cyclohexylmethyl-3,3 -Dimethyl-5 - 
Tri?uoromethoxy-6‘-Dimethylamino-Spiro 

(Indoline-2,3‘-(3H)-Naphtho[2,1 -b]-(1 ,4)-OxaZine) 

CH3 
2, 

This compound presented an absorption band With kmax 555 
nm in the photoactivated form. 

Example 3 

1-Propyl-3,3 -Dimethyl-5 -Tri?uoromethoxy-6‘ 
Dimethylamino-Spiro-(Indoline-2,3‘-(3H)-Naphtho 

[2,1-b]-(1,4)-OxaZine) 

CH3 
2, 

This compound presented an absorption band With kmax 550 
nm in the photoactivated form. 

Example 4 

1-Propyl-3,3 -Dimethyl-5 -Tri?uoromethoxy-6‘ 
Piperidino-Spiro -(Indoline-2,3‘-(3H)-Naphtho -[2, 1 

b]-(1,4)-OxaZine) 

CH3 
2, 

This compound presented an absorption band With kmax 558 
nm in the photoactivated form. 
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Example 5 (Comparative) 

The spirooxaZines described in examples 1—4 and 
tWo known spirooxaZines depicted by the formulas 
below Were individually incorporated (5%) in a 

polystyrene ?lm of 5 pm. 

CH3 

The results of the photochromic property examinations of 
the compounds are presented in Table 1, Where OD is the 
optical density of the ?lm at the photoinduced color absorp 
tion maximum (kmax), "c1 /2 is the halftime of color fading in 
the dark, and activation time is When the ?lm reaches a 
steady-state color on irradiation With UV-light of a 250 W 
mercury lamp. 

Table 1 shoWs that substitution in the phenyl ring of the 
indoline moiety With a tri?uoromethoxy group brings about 
a profound hypsochromic shift, acceleration in the color 
decay and photoactivation processes. 

Example 6 

Preparation of 1,3-Dimethyl-3-Carboethoxy-Spiro 
(Indoline-2,3‘-(3H)-Naphtho[2,1-b]-(1,4)-OxaZine) 

o CZHS 

CH3 5' 

A solution of 1-nitroso-2-naphthol (0.50 g, 2.89 mmol) 
and 1,3-dimethyl-3-carboethoxy-2-methylene-indoline 
(0.87 g, 2.77 mmol) in ethanol (70 ml) Was heated under 
nitrogen and re?uxed for 2 hrs. The solvent Was then 
evaporated and the residue Was chromatographed over silica 
(ethyl acetate/petroleum ether 1:10). After crystalliZation in 
ethanol, the yield of the pure product (colorless crystals) Was 
0.21 g (16%). 

In the photoactivated colored form in the polystyrene 
?lm, the photochrome has a broad absorption band With a 
maximum at 596 nm and a shoulder at 568 nm. 

The compounds listed beloW as Examples 7—20 Were 
prepared by a synthetic procedure analogous to that 
described in Example 6. 
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10 
Example 7 

1-Cyclohexylmethyl-3-Methyl-3-Carboethoxy 
Spiro -(Indoline-2,3‘-(3H) -Naphtho[2,1 -b]-(1,4) 

OxaZine) 

o CZHS 

This compound presented a broad absorption band With kmax 
602 nm and a shoulder at 568 nm in the photoactivated form. 

Example 8 

1,3,4,5-Tetramethyl-3-Carboethoxy-Spiro-(Indoline 
2,3‘-(3H)-Naphtho [2,1-b]-(1,4)-OxaZine). 

o C2H5 
/ 

This compound presented a broad absorption band With kmax 
612 nm and a shoulder at 574 nm in the photoactivated form. 

Example 9 

1 ,3,4,5 -Tetramethyl-3-Carboethoxy-8‘-(1 -Methyl-1 - 
Phenyl)Ethyl-Spiro-(Indoline -2,3‘-(3H)-Naphtho[2, 

1 -b]-(1 ,4)-OxaZine) 

o C2H5 
/ 

This compound presented a broad absorption band With kmax 
580, 614 nm in the photoactivated form. 
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Example 10 

1 ,3-Dimethyl-3-Carboethoxy-9‘-Acetyloxy-Spiro 
(Indoline-2,3‘-(3H)-Naphtho-[2,1-b]-(1,4)-OxaZine). 

o CZHS O 

CH3 

CH3 

This compound presented a broad absorption band With kmax 
575 593 nm in the photoactivated form. 

Example 11 

1-Isobutyl-3-Methyl-3-Carboethoxy-Spiro-(Indoline 
2,3‘-(3H)-Naphtho [2,1-b]-(1,4)-OxaZine). 

o C2H5 
/ 

This compound presented a broad absorption band With kmax 
570, 600 nm in the photoactivated form. 

Example 12 

1-Isobutyl-3,5-Dimethyl-3-Carboethoxy-Spiro 
(Indoline-2,3‘-(3H)-Naphtho[2,1-b]-(1,4)-OxaZine). 

o C2H5 

This compound presented a broad absorption band With kmax 
580, 605 nm in the photoactivated form. 

Example 13 

1,3-Dimethyl-3-Carboethoxy-8‘-(1 -Methyl- 1 
Phenyl)-Ethyl-Spiro-(Indoline-2,3‘-(3H)-Naphtho-[2, 

1 -b]-(1 ,4)-OxaZine) 
This compound presented a broad absorption band With kmax 
577, 599 nm in the photoactivated form. 

Example 14 

1 ,3,5 ,6-Tetramethyl-3-Carboethoxy-Spiro-(Indoline 
2,3‘-(3H)-Naphtho -[2, 1-b]-(1 ,4)-OxaZine) 

This compound presented a broad absorption band With kmax 
567, 606 nm in the photoactivated form. 

12 
Example 15 

1-Cyclohexylmethyl-3-Methyl-3-Carboethoxy-6‘ 
Dimethylamino-Spiro-(Indoline-2,3‘-(3H)-Naphtho 

[2,1-b]-(1,4)-OxaZine) 
This compound presented a maximum absorption band With 
kmax 575 nm in the photoactivated form. 

10 Example 16 

1-Propyl-3,5 -Dimethyl-3-Carboethoxy-Spiro 
(Indoline -2,3‘-(3H)-Naphtho-[2,1 -b]-(1,4)-OxaZine) 

15 This compound presented a maximum absorption band With 
kmax 578, 603 nm in the photoactivated form. 

Example 17 

20 
1,3-Dimethyl-3-Carboethoxy-6‘-Methoxy-Spiro 

(Indoline -2,3‘-(3H)-Naphtho-[2,1 -b]-(1,4)-OxaZine) 
This compound presented a maximum absorption band With 
kmax 552 nm in the photoactivated form. 

25 

Example 18 

1-(2-Phenylethyl)-3-Methyl-3-Carboethoxy-Spiro 
30 (Indoline -2,3‘-(3H)-Naphtho-[2,1 -b]-(1,4)-OxaZine) 

This compound presented a maximum absorption band With 
kmax 600 nm in the photoactivated form. 

35 Example 19 

1 -Ethyl-3,5 -dimethyl-3-Carboethoxy-Spiro 
(Indoline -2,3‘-(3H)-Naphtho-[2,1 -b]-(1,4)-OxaZine) 

40 This compound presented a maximum absorption band With 
kmax 600 nm in the photoactivated form. 

Example 20 

45 1 -Isobutyl-5 -Fluoro-3-Methyl-3-Carboethoxy-Spiro 
(Indoline -2,3‘-(3H)-Naphtho-[2,1 -b]-(1,4)-OxaZine) 

This compound presented a maximum absorption band With 
kmax 595 nm in the photoactivated form. 

50 

Example 21 

For comparison, the spirooxaZines described in examples 
6—9 above, the neW spirooxaZine (iii) beloW and the knoWn 
spirooxaZines depicted by Formulas and (ii) beloW Were 
individually incorporated (5%) in a polystyrene ?lm of 5 
pm. 

55 

60 (i) 
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-continued 
(ii) 

(iii) 

The results of the photochromic property examination of 
the compounds are shown in Table 2, Wherein OD is the 
optical density of the ?lm at the photoinduced color absorp 
tion maximum (kmax), "c1 /2 is the halftime of color fading in 
the dark, and activation time is When the ?lm reaches a 
steady-state color on irradiation With UV-light of a 250 W 
mercury lamp. Table 2 shoWs that substitution of the indo 
line ring in the 3-position With a carboalkoxy group brings 
about a profound enhancement in optical density. Examina 
tion of the spirooxaZine molecular models indicates that this 
effect may be ascribed to interaction betWeen the carbonyl 
oxygen and the proton at 2‘-position. 

Example 22 

Preparation of 1-(2,2,2-Tri?uoroethyl)-3,3 
Dimethyl-6‘(4-Diethyl Aminophenyl)-Spiro 

(Indoline-2,3‘-(3H)-Naphtho[2,1-b]-(1,4)-OxaZine) 

The title compound of formula I‘a beloW Was prepared by 
the folloWing steps: 
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14 
22a. Preparation of 1-Phenyl-1-(2,2,2-Tri?uoroethyl) 
HydraZine, Hydrochloric Salt 

@TH 

(b) (C) 

Ten ml of 10% HCl Was added to a solution of 2,2,2 

tri?uoroethyl aniline (1.07 g, 0.0061 mol) in 30 ml dichlo 
romethane. The solution Was cooled to 5—7° C. and then a 

solution of 0.6 g (0.0086 mol) NaNO2 in 2 ml of Water Was 
added. After stirring for 2 hours, the loWer layer, containing 
product (b) in CH2Cl2, Was separated. The solvent Was 
evaporated and the residue Was dissolved in 20 ml of 
ethanol. 2 g of ammonium carbonate and 4 g Zn poWder 
Were added. The mixture Was cooled to 5—6° C. and 4.5 ml 

of 25% NH4OH solution Were added very sloWly With 
vigorous stirring. Then 2 g of Zn poWder Was added again 
and the mixture Was stirred for 10 h. 

On completion of the reaction, excess Zn Was separated 
by ?ltration. The ?ltrate Was diluted With 100 ml of Water, 
and the product Was extracted With ethyl ether. After ether 
evaporation, 10 ml of 10% HCl Were added. The precipitated 
hydrochloric salt of the hydraZine (c) Was separated by 
?ltration and Washed on ?lter With ethyl ether (3x10 ml). 
22b. Preparation of 1-(2,2,2-Tri?uoroethyl)-3,3-Dimethyl 
2-Methylene-Indoline 

(d) 

Asolution of the hydrochloride (c) obtained above (0.135 
g) and methyl isopropyl ketone (0.5 ml) in 10 ml of ethanol 
Was re?uxed for 4 hours, folloWed by addition of 0.3 ml of 
triethylamine for another hour. After separation of the 
solvent, the residue Was dissolved in 20 ml petroleum ether 
and stirred for 5 hours With 1 g of activated carbon. 
FolloWing ?ltration and evaporation of the solvent, the 
product (d) Was isolated and used further Without additional 
puri?cation. 
22c. The ?nal product (I‘a) Was prepared by reacting the 
Fisher base (d) and 1-nitroso-2-hydroxy-4-(p 
diethylaminophenyl)naphthalene (e), according to proce 
dures Well knoWn in the art. 
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H3C CH3 

F3C 
(d) 

Example 23 
For comparison, the photochromic compound 

1-neopentyl-3,3-dimethyl-6‘-(p-diethylamino-phenyl) 
spiro-(indoline-2,3‘-(3H)-naphtho-[2,1-b]-(1,4)-oxaZine 
described in Example 10 of US. Pat. No. 5,446,151 Was 
synthesized: 

Table 3 gives a comparison of the main characteristics of 
the photochrome I‘a of the invention and the photochrome 
above described in US. Pat. No. 5,446,151, in a polystyrene 
?lm. 

TABLE 3 

Visual Optical Time of Decoloration 
Exam- Density in the Photoactivation to Half-time, 
ple kmax Photoactivated State Steady State, min. min 

22 595 nm 1.3 5 1O 
23 622 nm 1.25 40 >70 

The results in Table 3 indicate that compound I‘a of the 
invention has a substantially better photoresponse and a 
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16 
much higher decoloration rate than the compound described 
in US. Pat. No. 5,446,151, Which is considered to be a very 
ef?cient photochromic dye (D. Clarke et al., Effects in 
Plastics, SPE, RETTEC, Chicago, 1995). 

Example 24 

1-(2,2,2-Tri?uoroethyl)-3,3-Dimethyl-Spiro 
(Indoline-2,3‘-(3H)-Naphtho -[2, 1-b]-(1 ,4)-OxaZine), 

The compound presented an absorbtion band With kmax 
570 nm in the photoactivated form. 

Example 25 

1 -Cyclohexylmethyl-3,3 -Spiro-(Cyclohexyl)-8‘-(1 - 

Methyl-1 -Phenyl) Ethyl-Spiro-(Indoline -2,3‘-(3H) 
Naphtho-[2,1 -b]-(1 ,4)-OxaZine), 

This compound of formula (iii) in Example 21 presented a 
maximum absorption band With kmax 620 nm in the photo 
activated form. 

Example 26 

1-Cyclohexylmethyl-3,3-Dimethyl-8‘-(1-Methyl-1 
Phenyl)Ethyl-Spiro-(Indoline-2,3‘-(3H)-Naphtho-[2, 

1-b]-(1,4)-OxaZine), 
This compound presented a broad absorption band With kmax 
575, 612 nm in the photoactivated form. 

Example 27 

1-Cyclohexylmethyl-3,3-Dimethyl-6‘-Morpholino 
8‘-(1-Methyl-1-Phenyl)Ethyl-Spiro-(Indoline-2,3‘ 

(3H)-Naphtho-[2,1-b]-(1,4)-OxaZine), 

The compound presented an absorbtion band With kmax 580 
nm in the photoactivated form. 

Example 28 

1-Cyclohexylmethyl-3,3-Dimethyl-6‘-Morpholino 
8‘-(1-Methyl-1-Phenyl)Ethyl-Spiro-(Indoline-2,3‘ 

(3H)-Naphtho-[1,2-b]-(1,4)-OxaZine). 

The compound presented an absorbtion band With kmax 570 
nm in the photoactivated form. 

Example 29 

1-Propyl-3,5 -Dimethyl-3-Carboethoxy-Spiro 
(Indoline -2,3‘-(3H)-Naphtho-[1 ,2-b]-(1,4)-OxaZine) 

This compound presented a maximum absorption band With 
kmax 603 nm in the photoactivated form. 
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TABLE 1 

Example kmax OD 111/2 Activation 
No. R1 R2 R3 R4 R5 nm at hmax min time-min 

1 cH3 cH3 cH3 OCF H 580 0.4 <0.1 3 
2 CH2—(cyclo)C6H11 cH3 cH3 ocF3 6 N(CH3)2 555 2.2 5 15 
3 C3H7 H3 cH3 ocF3 6'-N(CH3)2 550 3.0 5 15 
4 3H7 cH3 cH3 ocF3 (cyclo)C5H1UN 558 2.5 6 10 
5(comp.) cH3 cH3 cH3 H H 598 0.3 0.5 15 
5 (comp.) CH2—(cyclo)C6H11 cH3 cH3 H 6'-N(CH3)2 570 2.5 22 30 

TABLE 2 

Example kmax OD 111/2 Activation 
No. R1 R2 R3 R4 R5 nm at hmax min time-min 

6 cH3 cooc2H5 cH3 H H 568,596 3.85 3.5 10 
7 CH2—(cyclo)C6H11 cooc2H5 cH3 H H 568, 602 6.60 18 40 
s cH3 cooc2H5 cH3 CH3,CH3 H 574, 612 3.50 7 20 
9 cH3 cooc2H5 cH3 CH3,CH3 C(CH3)2Ph 580,614 3.50 >20 17 

21 (comp.) cH3 cH3 cH3 H H 598 0.30 0.5 1.5 
21 (comp.) CH2—(cyclo)C5H11 (cyclo)C6H11 H H 610 0.55 0.2 10 
21 (comp.) CH2—(cyclo)C5H11 (cyclo)C6H11 H C(CH3)2Ph 620 0.70 3 1O 

25 
What is claimed: 
1. A spiro(indoline)naphtho(2,1-b)(1,4)oxaZine or spiro 

(indoline)naphtho(1,2-b)(1,4) oxaZine having the following 
formulas Ia and lb, respectively: 

Wherein 

(a) n is an integer from 1 to 6; p is 1 or 2; and q is an 
integer from 1 to 6; 

(b) R2 and R3 represent independently a radical selected 
from the group consisting of: C1—C6 alkyl optionally 
substituted by ?uoro, C1—C4 alkoxy or ?uoroalkoxy, 
C1—C4 alkylcarbonyloxy, C2—C4 alkenylcarbonyloxy, 
C3—C6 cycloalkyl or aryl; (ii) C2—C6 alkenyl With a 
terminal double bond; (iii) C3—C6 cycloalkyl optionally 
substituted by ?uoro; (iv) aryl; (v) alkylcarbonyl; or 
(vi) one of R2 and R3 is a group —COOR Wherein R 
is a radical to (iv) as de?ned hereinbefore and the 
other of R2 and R3 is a radical to (iv) as de?ned 
hereinbefore; or (vii) R2 and R3 together With the 
carbon atom at position 3 of the indoline ring form a 
3—7 membered saturated ring optionally containing a 
heteroatom selected from nitrogen, oxygen or sulfur, 
and 
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(c) R4 and R5 represent independently hydrogen; (ii) 
halogen, optionally ?uoro; or a radical selected from 
the group consisting of: (iii) cyano; (iv) aryloxy option 
ally substituted by C1—C6 alkyl, C1—C4 alkoxy or 
amino; (v) C1—C4 alkoxy optionally substituted by 
halogen, preferably di- and tri?uoromethoxy; (vii) 
C1—C6 alkyl optionally substituted by C1—C4 alkoxy, 
halogen, optionally tri?uoromethyl, C3—C6 cycloalkyl, 
polycycloalkyl (optionally as norbomane or 

adamantane), aryl or heterocyclyl; (viii) aryl optionally 
substituted With amino or alkoxy group, optionally 
dialkylaminophenyl or methoxyphenyl; amide 

(—CONHZ); sulfonamide (—SOZNHZ); —NR6R7, Wherein R6 and R7 are independently 

selected from the group consisting of alkyl, alkenyl, 
cycloalkyl, aryl, alkylaryl, ?uoroalkyl (optionally 
tri?uoromethyl) or R6 and R7 together With the nitrogen 
atom form a 3—7 membered saturated ring optionally 
containing a further heteroatom selected from the group 
consisting of nitrogen, oxygen or sulfur atom, prefer 
ably piperidino, piperaZino or morpholino; (xii) R4 may 
further be —OCF3, in Which case p is 1; and (xiii) R5 
may further be an aryl(dialkyl)methyl group of the 
formula —C(aryl)(CnH2n+1)(CmH2m+1), Wherein n and 
m are integers from 1 to 5, linked to one of the benZene 

rings of the naphthoxaZine part of the molecule, in 
Which case q is an integer from 1 to 5. 

2. A spiro(indoline)naphtho(2,1-b)(1,4)oxaZine or spiro 
(indoline)naphtho(1,2-b)(1,4) oxaZine compound containing 
at the 3-position on the indoline part of the molecule a group 
—COOR, Wherein R is selected from the group consisting 
of: C1—C6 alkyl optionally substituted by ?uoro, C1—C4 
alkoxy or ?uoroalkoxy, C1—C4 alkylcarbonyloxy, C2—C4 
alkenylcarbonyloxy, C3—C6 cycloalkyl or aryl; (ii) C1—C6 
alkenyl With a terminal double bond; (iii) C3—C6 cycloalkyl; 
or (iv) aryl. 

3. A spiro(indoline)naphtho(2,1-b)(1,4)oxaZine or spiro 
(indoline)naphtho(1,2-b)(1,4) oxaZine according to claim 2, 
having the formulas IIa and 11b, respectively 
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the formula —C(aryl)(CnH2n+1)(CmH2m+1), wherein n 
and In are integers from 1 to 5, linked to one of the 
benZene rings of the naphthoXaZine part of the 
molecule, in Which case q is an integer from 1 to 5. 

19 20 

(Ha) (IIIa) 

5 

(H11) (IIIb) 
R3 COOR (R5)q 1O F3CO R3 R2 I 

_N \ _N (R5)q wherein 

<R4>P—I 
N O / \ // N O / \ 
IL 15 | 

l 

/ \ R1 / \ 

_ 20 . . 

Where1n . q is an integer from 1 to 6; 

a_ p is 1 or 2 and q is an integer from 1 to 6; . R1 is a radical selected from the group consisting of: b. R1 is a radical selected from the group consisting of: gfg? alkyl opnonauy Subsmuted by C1_C4 alkoxy’ 
_ _ 1— 4 alkylcarbonyloXy, C2—C4 alkenylcarbonyloXy, 

C1_C6 alkyl Opnonauy Subsmuted by C1_C4 alkoxy’ 25 C3—C6 cycloalkyl polycycloalkyl, aryl or heterocyclic 
C1—C4 alkylcarbonyloXy, C2—C4 alkenylcarbonyloXy, ring; (ii) C3_C6 cycloalkyl; (iii) polycycloalkylz (iv) 
C3—C6 cycloalkyl, polycycloalkyl, aryl or heterocyclic aryl; (v) heterocycliC ring; (Vi) —CH2—CnF2n+1 
ring; (ii) C3_C6 cycloalkyl; (iii) Polycycloalkyl: (iv) Wherein n is an integer of 1 to 6; and (vi) C2—C6 alkenyl 
aryl; (v) heterocyclic ring; (vi) TCHFCnFZM With a terminal double bond; 
wherein n is_an mteger of 1 to 6; or (V11) C2_C6 alkenyl 30 . R2 and R3 represent independently a radical selected 
Wlth a termmal double bond; from the group consisting of: C1—C6 alkyl optionally 

c. R3 represents a radical selected from the group con- Substituted by ?uoro, C1_C4 alkoxy or ?uoroalkoxy, 
sisting of: C1—C6 alkyl optionally substituted by C1_C 4 alkylcarbonyloxy, C2_C4 alkenylcarbonyloxy, 
?uOrO, C1—C4 alkoxy 0r ?uoroalkoxy, C1—C4 C3—C6 cycloalkyl or aryl; (ii) C2—C6 alkenyl With a 
alkylcarbonyloxy, C2—C4 alkenylcarbonyloxy, C3—C6 35 terrninal double bond; (iii) C3—C6 cycloalkyl optionally 
cycloalkyl of aryl; (ii) C2—C6 alkenyl With a terminal substituted by ?uoro; (iv) aryl; or (v) alkylcarbonyl; or 
double bond; (iii) C3—C6 cycloalkyl optionally substi- (vi) one of R2 and R3 is a group _COOR wherein R 
tuted by ?uOrO ; and (iv) aryl; and is a radical to (iv) as de?ned hereinbefore and the 

d_ R 4 and R5 represent independently hydrogen; (11) other of R2 and R3 is a radical to (iv) as de?ned 
halogen, optionally ?uoro; or a radical selected from 40 hefeinbefore; 0r (Vii) R2 and R3 together With the 
the group Consisting of; (111) cyano; (iv) aryloxy optiom carbon atom at position 3 of the indoline ring form a 
any Substituted by C1_C6 alkyl, C1_C4 a1k0Xy or 3—7 rnernbered saturated ring optionally containing a 
amino; (v) C1_C4 alkoxy Optionally Substituted by heteroatorn selected from nitrogen, oXygen or sulfur, 
halogen, preferably di- and tri?uorornethoXy; (vii) and 
C1—C6 alkyl optionally substituted by C1—C4 alkoXy, 45 . R4 and R5 represent independently hydrogen; (ii) 
halogen, optionally tri?uorornethyl, C3—C6 cycloalkyl, halogen, optionally ?uoro; or a radical selected from 
polycycloalkyl (optionally as norbornane 0r the group consisting of: (iii) cyano; (iv) aryloXy option 
adarnantane), or aryl (viii) aryl optionally substituted ally substituted by C1—C6 alkyl, C1—C4 alkoXy or 
with amino or alkoXy group, preferably dialkylarni- arnino; (v) C1—C4 alkoXy optionally substituted by 
nophenyl or rnethoXyphenyl; arnide (—CONH2); 50 halogen, preferably di- and tri?uorornethoXy; (vii) 
(X) sulfonarnide (—SO2NH2); —NR6R7, Wherein C1—C6 alkyl optionally substituted by C1—C4 alkoXy, 
R6 and R7 are independently selected from the group halogen, optionally tri?uorornethyl, C3—C6 cycloalkyl, 
consisting of alkyl, alkenyl, cycloalkyl, aryl, alkylaryl, polycycloalkyl (optionally norbornane or adarnantane), 
?uoroalkyl (optionally tri?uorornethyl) or R6 and R7 or aryl; (viii) aryl optionally substituted with amino or 
together With the nitrogen atom form a 3—7 rnernbered 55 alkoxy group, preferably dialkylarninophenyl or rneth 
saturated ring optionally containing a further heteroa- oxyphenyl; arnide (—CONH2); sulfonarnide 
torn selected from nitrogen, oxygen or sulfur atom, (—SO2NH2); —NR6R7, Wherein R6 and R7 are 
optionally piperidino, piperaZino or rnorpholino; (Xii) independently selected from the group consisting of 
R4 may further be —OCF3, in Which case p is 1; and alkyl, alkenyl, cycloalkyl, aryl, alkylaryl, ?uoroalkyl 
(xiii) R5 may further be an aryl(dialkyl)rnethyl group of 60 (optionally tri?uorornethyl) or R6 and R7 together With 

the nitrogen atom form a 3—7 rnernbered saturated ring 
optionally containing a further heteroatorn selected 
from nitrogen, oXygen or sulfur atorn, optionally 
piperidino, piperaZino or rnorpholino; and (Xii) R5 may 

4. A spiro(indoline)naphtho(2,1-b)(1,4)oXaZine or spiro 65 
(indoline)naphtho(1,2-b)(1,4) oXaZine having the formula 
111a and IIIb, respectively: 

further be an aryl(dialkyl)rnethyl group of the formula 
—C(aryl)(CnH2n+1)(CmH2m+1), Wherein n and In are 
integers from 1 to 5, linked to one of the benZene rings 
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of the naphthoXaZine part of the molecule, in Which 
case q is an integer from 1 to 5. 

5. A spiro(indoline)naphtho(2,1-b)(1,4)oXaZine or spiro 
(indoline)naphtho(1,2-b)(1,4) oXaZine having the formulas 
IVa and IVb, respectively: 

(IVa) 

(IVb) 

Wherein 
a. p is 1 or 2 and q is an integer from 1 to 5; 

b. R1 is a radical selected from the group consisting of: 
C1—C6 alkyl optionally substituted by C1—C4 alkoXy, 
C1—C4 alkylcarbonyloXy, C2—C4 alkenylcarbonyloXy, 
C3—C6 cycloalkyl, polycycloalkyl, aryl or heterocyclic 
ring; (ii) C3—C6 cycloalkyl; (iii) polycycloalkyl: (iv) 
aryl; (v) heterocyclic ring; (vi) —CH2—CnF2n+1 
Wherein n is an integer of 1 to 6; and (vii) C2—C6 
alkenyl With a terminal double bond; 

c. R2 and R3 represent independently a radical selected 
from the group consisting of: C1—C6 alkyl optionally 
substituted by ?uoro, C1—C4 alkoXy or ?uoroalkoXy, 
C1—C4 alkylcarbonyloXy, C2—C4 alkenylcarbonyloXy, 
C3—C6 cycloalkyl or aryl; (ii) C2—C6 alkenyl With a 
terminal double bond; (iii) C3—C6 cycloalkyl optionally 
substituted by ?uoro; (iv) aryl; or (v) alkylcarbonyl; or 
(vi) one of R2 and R3 is a group —COOR Wherein R 
is a radical to (iv) as de?ned hereinbefore and the 
other of R2 and R3 is a radical to (iv) as de?ned 
hereinbefore; or (vii) R2 and R3 together With the 
carbon atom at position 3 of the indoline ring form a 
3—7 rnernbered saturated ring optionally containing a 
heteroatorn selected from the group consisting of 
nitrogen, oXygen or sulfur, and 

d. R4 and R5 represent independently hydrogen; (ii) 
halogen, optionally ?uoro; or a radical selected from 
the group consisting of: (iii) cyano; (iv) aryloXy option 
ally substituted by C1—C6 alkyl, C1—C4 alkoXy or 
arnino; (v) C1—C4 alkoXy optionally substituted by 
halogen, optionally di- and tri?uorornethoXy; (vii) 
C1—C6 alkyl optionally substituted by C1—C4 alkoXy, 
halogen, preferably tri?uorornethyl, C3—C6 cycloalkyl, 
polycycloalkyl (optionally norbornane or adarnantane), 
aryl or heterocyclyl; (viii) aryl optionally substituted 
with amino or alkoXy group, preferably dialkylarni 
nophenyl or rnethoXyphenyl; arnide (—CONHZ); 
(X) sulfonarnide (—SOZNHZ); —NR6R7, )Wherein 
R6 and R7 are independently selected from the group 
consisting of alkyl, alkenyl, cycloalkyl, aryl, alkylaryl, 
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22 
?uoroalkyl (optionally tri?uorornethyl) or R6 and R7 
together With the nitrogen atom form a 3—7 rnernbered 
saturated ring optionally containing a further heteroa 
torn selected from nitrogen, oXygen or sulfur atom, 
optionally piperidino, piperaZino or rnorpholino; and 
(Xii) R4 may further be —OCF3, in Which case p is 1. 

6. A spiro(indoline)naphtho(2,1-b)(1,4)oXaZine or spiro 
(indoline)naphtho(1,2-b)(1,4) oXaZine selected from the 
compounds consisting of: 

1,3,3-trirnethyl-5-tri?uorornethoXy-spiro-(indoline-2,3‘ 
(3H)-naphtho[2,1-b]-(1,4)-oXaZine) 

1—Cyclohexylrnethyl-3,3-dirnethyl-5-tri?uorornethoXy 
6‘-dirnethyl-arnino-spiro-(indoline-2,3‘-(3H)-naphtho 
[2,1-b]-(1,4)-oXaZine) 

1 —Propyl-3,3-dirnethyl-5-tri?uorornethoXy-6‘ 
dirnethylarnino-spiro-(indoline-2,3‘-(3H)-naphtho[2,1 
b]-(1,4)-oXaZine) 

1-Propyl-3,3-dirnethyl-5-tri?uorornethoXy-6‘—piperidino 
spiro-(indoline-2,3‘-(3H)-naphtho-[2,1-b]-(1,4) 
oXaZine) 

1,3-Dirnethyl-3-carboethoXy-spiro-(indoline-2,3‘-(3H) 
naphtho[2,1-b]-(1,4)-oXaZine) 

1 -CycloheXylrnethyl-3—rnethyl-3-carboethoXy-spiro 
(indoline-2,3‘-(3H)-naphtho [2,1-b]-(1,4)-oXaZine 

1,3,4,5—Tetrarnethyl-3-carboethoXy-spiro-(indoline-2,3‘ 
(3H)-naphtho-[2,1-b ]-(1,4)-oXaZine) 

1 ,3,4,5-Tetrarnethyl-3-carboethoXy-8‘-(1 —rnethyl- 1 
phenyl)ethyl-spiro-(indoline-2,3‘-(3H)-naphtho[2,1-b] 
(1,4)-oXaZine) 

1 ,3-Dirnethyl-3-carboethoXy-9‘—acetyloxy-spiro 
(indoline-2,3‘-(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1—Isobutyl-3—rnethyl-3-carboethoXy-spiro-(indoline-2,3‘ 
(3H)-naphtho-[2,1-b ]-(1,4)-oXaZine) 

1-Isobutyl-3,5-dirnethyl-3-carboethoXy-spiro-(indoline 
2,3‘-(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1,3—Dirnethyl-3-carboethoXy-8‘—(1-rnethyl-1-phenyl) 
ethyl-spiro-(indoline-2,3‘-(3H)-naphtho-[2,1-b]-(1,4) 
oXaZine) 

1,3,5,6—Tetrarnethyl-3-carboethoXy-spiro-(indoline-2,3‘ 
(3H)-naphtho-[2,1-b ]-(1,4)-oXaZine) 

1 —Cyclohexylrnethyl-3—rnethyl-3-carboethoXy-6‘ 
dirnethylarnino-spiro-(indoline-2,3‘-(3H)-naphtho-[2, 
1-b]-(1,4)-oXaZine) 

1-Propyl-3,5—Dirnethyl-3-carboethoXy-spiro-(indoline-2, 
3‘-(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1,3-Dirnethyl-3-carboethoXy-6‘—rnethoxy-spiro-(indoline 
2,3‘-(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1 -(2-Phenylethyl)—3-methyl-3-carboethoXy-spiro 
(indoline-2,3‘-(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1—Ethyl-3,5-dirnethyl-3-carboethoXy-spiro-(indoline-2,3‘ 
(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1 —Isobutyl-S-?uoro—3—rnethyl-3-carboethoXy-spiro 
(indoline-2,3‘-(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1 -(2,2,2-tri?uoroethyl)-3,3-dirnethyl-6‘(4 
diethylarninophenyl)-spiro -(indoline-2,3‘-(3H) 
naphtho-[2,1-b]-(1,4)-oXaZine) 

1-(2,2,2-Tri?uoroethyl)—3,3-dirnethyl-spiro-(indoline-2, 
3‘-(3H)-naphtho-[2,1-b]-(1,4)-oXaZine) 

1-CycloheXylrnethyl-3,3-spiro-(cycloheXyl)-8‘-(1 
rnethyl- 1-phenyl)ethyl-spiro-(indoline-2,3‘-(3H) 
naphtho-[2,1-b]-(1,4)-oXaZine) 

1 -CycloheXylrnethyl-3,3-dirnethyl-8‘-(1 —rnethyl-1 - 
phenyl)ethyl-spiro-(indoline-2,3‘—(3H)-naphtho-[2,1 
b]-(1,4)-oXaZine) 




